INTRODUCTION {#sec1-1}
============

Ebola and Marburg are single-stranded RNA viruses in the family *filoviridae* associated with viral hemorrhagic fever outbreaks, mainly in Africa. Although outbreaks are relatively rare, localized, and small, these diseases garner fear and media attention due to high fatality rates up to 90% and concern over their potential use as bioweapons.\[[@ref1]--[@ref3]\] Both Ebola and Marburg hemorrhagic fevers present with a sudden onset of symptoms following an incubation period of 2-21 days.\[[@ref4]\] Initial symptoms are non-specific, including fever, malaise, anorexia, headache, sore throat, abdominal pain, vomiting, diarrhea, myalgias, arthralgias, and rash.\[[@ref4][@ref5]\] Hemorrhagic symptoms such as epistaxis, petechiae, bleeding from mucous membranes, and internal bleeding may later develop.\[[@ref4][@ref6]\] There are five known serotypes of Ebola, four of which are known to cause disease in humans (Bundibugyo, Cote d'Ivoire, Sudan, and Zaire), while the fifth (Reston) has so far been found to infect humans without making them ill; there is one serotype of Marburg virus.\[[@ref5][@ref7][@ref8]\] Treatment of disease is supportive. No specific post-exposure therapy is currently available although recent studies using RNA interference and phosphorodiamidate morpholino oligonucleotides have demonstrated promising results among non-human primates.\[[@ref9][@ref10]\] Although there are no licensed vaccines for Ebola or Marburg at present, several candidates are currently in development, some of which provide post-exposure protection in animals.\[[@ref11][@ref12]\]

The exact mechanisms of filoviral transmission are unclear. Infection with Ebola or Marburg virus can occur as primary animal-to-human transmission, e.g. from handling and butchering infected animals such as bats, the putative reservoir hosts, or non-human primates and forest antelopes who are known to be accidental hosts, or as secondary human-to-human transmission, likely via fomites or close contact.\[[@ref4][@ref5][@ref13]--[@ref15]\] Viral excretion has been demonstrated in blood, breast milk, saliva, semen, stool, and tears.\[[@ref15]\] Aerosol transmission has been demonstrated among laboratory primates, but never been documented among filoviral outbreaks in humans.\[[@ref4][@ref5]\] Nosocomial transmission historically played a key role in outbreak development due to reuse of contaminated needles and lack of basic infection control measures.\[[@ref16]--[@ref19]\]

This review addresses infection control during filoviral hemorrhagic fever outbreaks, primarily in a developing country setting, and lessons learned from previous outbreaks. A literature search was conducted on PubMed, the National Library of Medicine website. Search strategies included the MeSH categories "Hemorrhagic Fever, Viral," "Hemorrhagic Fever, Ebola" and "Marburg Virus Disease." Articles were restricted to the English language. Only articles specifically describing, providing guidance for, or critically analyzing infection control techniques during Ebola and/or Marburg hemorrhagic outbreaks were considered for review.

Infection control during filoviral hemorrhagic fever outbreaks is predominantly based on breaking the human-to-human transmission cycle, which is the principal transmission mode during most outbreaks.\[[@ref6][@ref16][@ref20]\] Avoidance of contacts with animal species known to harbor filoviruses plays a role only in the minority of outbreaks for which there is evidence for repeated and widespread primary transmission.\[[@ref21][@ref22]\] Identifying new cases is based on a combination of clinical and epidemiological factors. High-risk persons within the community and in health care facilities, those who have within the incubation period come into direct contact with a case, should be followed for signs of illness but should not be isolated as long as they are healthy. Community exposure is minimized through management of cases in an isolation ward using barrier protective gear to protect health care workers providing care and visitors to the ward, as well as using protective materials to provide safe burials.

CASE IDENTIFICATION {#sec1-2}
===================

Interrupting transmission of Ebola and Marburg hemorrhagic fever requires timely identification of cases and close monitoring of persons at high risk. Early recognition of outbreaks is difficult, due to the non-specificity of symptoms, a low index of suspicion for filoviral disease, and a weak public health system in many countries where filovirus outbreaks occur. Delay in recognition of filoviral disease results in further exposure and transmission prior to the onset of infection control efforts. Timely confirmation of infection with Ebola or Marburg can be made by positive results from IgM or antigen detection ELISA assays or PCR.\[[@ref4][@ref18]\] Laboratory facilities capable of diagnosing infection with these viruses are few and far between. Once an outbreak has been identified, real-time confirmation of infection is possible and usually requires that temporary laboratory facilities are set up in close proximity to the outbreak zone. Operational definitions of suspected and probable cases, based on clinical and epidemiological factors, are a necessity. Although similar across outbreaks, these definitions should be tailored to the unique epidemiological patterns of each outbreak.

All persons presenting to health care facilities during filoviral outbreaks with illness consistent with possible filoviral hemorrhagic fever must be triaged and evaluated for possible admission to the isolation unit.\[[@ref23]\] Tracing the contacts of each infected patient helps identify additional persons at high-risk who require close follow up for signs of illness. This includes all persons with direct physical contact with the patient, the patient\'s body fluids, or their clothing or linens within the previous 21 days (the maximum incubation period).\[[@ref18]\] All case contacts, including all health care personnel who enter the isolation ward, should be followed for signs of illness, and it has been suggested to take the temperature at least once a day if feasible. Monitoring continues for 21 days after the last known contact with the case.\[[@ref23]\] Contacts who develop signs of illness should be transported by medical personal wearing basic personal protective gear to the isolation ward for further evaluation and possible admission to the isolation unit.

ISOLATION UNIT {#sec1-3}
==============

Patient isolation reduces the potential for transmission of filoviruses by minimizing community exposure. Isolation units capable of caring for filoviral hemorrhagic fever patients are lacking in most developing country health facilities and must be established in existing buildings or temporary constructions at the beginning of outbreak control efforts. The isolation unit is housed in a single or multiple buildings physically separated from other health care facilities by transparent fencing. It contains clean areas for donning protective gear, taking breaks, maintaining a pharmacy and temporary laboratory facilities, as well as patient care wards, a morgue or area for burial preparation, and outdoor space for incineration of contaminated items.\[[@ref24]\] The isolation wards should be spacious enough to house confirmed and probable cases separately. Crowding should be avoided to minimize cross-contamination and provide a safe, pleasant environment. A regular power and water supply are vital, as well as adequate access to washroom facilities. The fence surrounding the isolation unit should be constructed using mesh or a combination of mesh and opaque fencing materials; mesh fencing promotes the transparency of control activities, which may enhance compliance with control efforts, while opaque fencing provides a better sense of security to the surrounding community.\[[@ref23][@ref25][@ref26]\] During development of the isolation unit, it is vital that care for patients continues using barrier protection measures, as a lack of care may severely hamper relations between the community and infection control team.\[[@ref23]\]

Any item in the isolation ward, including human excreta, must be disinfected prior to removal. Effective disinfectants include bleach solutions in concentrations of 1:10 for heavily contaminated objects such as human excreta, body bags, and large spills, and 1:100 for disinfection of everyday objects. Calcium hypochlorite solution ranging from 0.02% to 2% concentration is an acceptable alternative disinfectant.\[[@ref27]\] Difficult to disinfect items, such as mattresses, should be covered in plastic to facilitate decontamination.\[[@ref28]\] Solid sharps containers must be easily accessible on the isolation ward and recapping of needles discouraged. Contaminated disposable objects should be disinfected and incinerated following removal from the isolation ward.\[[@ref29]\]

Patients refuse isolation for many reasons: stress, fears of abandonment by family members, stigma associated with infection, and belief in the certainty of death on the ward due to neglect or intentional killing.\[[@ref30][@ref31]\] These concerns may be minimized by efforts to make the isolation ward a pleasant environment, promoting the transparency of activities within the ward, and focusing on providing quality care to each patient. Patients can be discharged if they no longer exhibit signs and symptoms of an active filoviral hemorrhagic fever for at least 3 days and if they are able to feed, wash, and walk independently. If laboratory support is within reach (so that results are available within 48 hours), PCR results that turn negative after being positive previously can help with deciding on discharge (Paul Roddy and Benjamin Jeffs, personal communication). If a patient adamantly refuses hospitalization, risk reduction and care in the home may be attempted.\[[@ref25]\] Coordination and supervision of home risk reduction may be difficult, particularly during large outbreaks; thus patients should continue to be encouraged to accept care on the isolation ward. Management in the home includes encouraging the patient to stay in a single, private room, family-based education, having a single caregiver equipped with personal protective gear, and daily visits by medical staff.\[[@ref24][@ref32]\] Home risk reduction for all patients may include disinfection of patients' personal possessions and households using 1:100 bleach solution to decrease the risk of transmission to other members of the household. Compensation for any damages this causes to items improves the acceptability of this practice. Family education is crucial prior to attempting home disinfection, as spraying of disinfectant may be misinterpreted as an attempt to poison the family.\[[@ref32]\]

PERSONAL PROTECTIVE GEAR {#sec1-4}
========================

During filoviral hemorrhagic fever outbreaks, protective equipment demands are high. Implementation of barrier nursing techniques is crucial to minimizing the risk of infection among health workers. Standard personal protective gear for filoviral hemorrhagic fever management includes a scrub suit, gown, apron, rubber boots, head covering, mask, eyewear, and two pairs of gloves \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref29]\] Standard medical gloves are suitable for patient care and should be disinfected between contacts with different patients. Thick neoprene or rubber gloves should be used as the outer glove layer when dealing with spills, disinfecting excreta, laundering linens, and conducting burials.\[[@ref29]\] Masks containing HEPA-filters should be utilized if available. Protective gear needs to be removed in a specific order to prevent contamination during undressing, instructions for which are detailed in guidelines published by the WHO and CDC.\[[@ref29]\] Personal protective gear and education on their proper use must be available for all personnel working within the isolation area, laundering potentially infected linens, disinfecting items or houses, transporting patients, or providing safe burials. Basic protective gear, including gloves, masks, and disinfectant, should be supplied to all persons manning triage stations.

![Health workers in protective gear disinfecting a body bag in a coffin. The appearance of control team members is often perceived as frightening. The figure on the right lacks eyewear and heavy-duty gloves in violation of protective gear guidelines](JGID-4-69-g001){#F1}

Shortages of protective gear are common in filoviral hemorrhagic outbreak settings, particularly in the early stages, often requiring that gear be flown in by international medical organizations.\[[@ref17][@ref33]\] Many hospitals have a limited supply of infection control gear, such as gloves and face masks, which hinders implementation of basic infection control practices.\[[@ref20][@ref34]\] The lack of basic infection control gear contributes to the spread of disease, particularly among health care workers prior to disease recognition and in the early stages of outbreak management.\[[@ref27][@ref35]\] Reuse of needles without proper sterilization has also been implicated in disease spread.\[[@ref19]\] Temporary closure of medical facilities may be required to contain nosocomial spread of disease, but is problematic when there is no alternative where patients can receive emergency care.\[[@ref27][@ref33][@ref36]\] Concerns regarding potential transmission within health care facilities may deter patients from seeking necessary medical care for other health problems.\[[@ref16][@ref18]\] In addition to equipping workers involved directly in outbreak management, basic protection supplies and training should be provided to other local medical facilities. Implementation of basic infection control precautions in all health facilities reduces the risk of disease transmission from unidentified cases and helps keep health care facilities open, thereby reducing the potential for increased mortality due to other conditions from avoidance of medical care.

In addition to supply difficulties, problems with protective gear arise due to fear and difficulty in prolonged use. Patients and community members may find personal protection gear frightening.\[[@ref32]\] Health care workers dressed in protective gear have been likened to looking like cartoons or monkeys.\[[@ref26]\] This fear may be partially mitigated by arriving in the village in normal dress and dressing in protective gear on-site and by using protective gear that minimizes facial distortion, such as face shields instead of goggles.\[[@ref26][@ref37]\] Difficulties may arise from health care workers being unfamiliar with the proper use of protective gear, thus training and education is essential.\[[@ref16]\] Some health care workers may choose not to use it as a gesture of solidarity with sick colleagues.\[[@ref38]\] Protective gear becomes unbearably hot after a few hours due to the hot, humid conditions encountered during outbreaks.\[[@ref28]\] Perspiration may contribute to fogging of goggles and the accompanying visual impairment poses a safety risk to health care workers. This may be avoided by using alternative gear, such as face shields, provided adequate protection is maintained.\[[@ref26][@ref37]\]

BURIALS {#sec1-5}
=======

Burial teams usually conduct all burials during Ebola and Marburg outbreaks to minimize the potential for exposure from handling the bodies of known infected patients and unrecognized cases.\[[@ref19]\] Standard burial practice involves decontamination of the body using 1:10 bleach solution and placement in a body bag.\[[@ref29]\] Family members should be offered the opportunity to identify the body from a safe distance at this time. The body bag is then closed and the outside of the bag is similarly decontaminated.\[[@ref29]\] Further opening of the body bag is avoided to reduce the possibility of disease transmission. A coffin should be used in addition to a body bag if available and culturally appropriate. The burial is conducted as soon as possible.

Conducting safe burials in a culturally sensitive manner has been a challenge during previous Ebola and Marburg outbreaks.\[[@ref32]\] Difficulties arise from families being unable to view the body of the deceased to confirm their identity and being unable conduct traditional rites, such as washing or touching the body.\[[@ref26][@ref32][@ref39]\] This leads to distrust between the infection control team and contributes rumors of malicious activities, such as stealing organs or intentional killings, which have resulted in violence towards control team members and interrupted outbreak control practices.\[[@ref25][@ref26][@ref31][@ref32]\] Allowing family members to watch the body being placed inside the body bag has been used with moderate success to facilitate body identification, although family members may decline due to fear of infection.\[[@ref32]\] The use of body bags with a viewing window to facilitate identification without requiring the body bag to be opened has been suggested, although not yet implemented.\[[@ref26]\]

Traditional burial rites that do not increase the infection risk, such as song and dance, should be incorporated into burials according to local practices and aid in establishing a respectful relationship between the burial team and community.\[[@ref25][@ref32]\] Some practices may be easily adapted to reduce the risk of infection, such as using gloves to carry a coffin, while others pose more risk. One frequently encountered tradition has particularly been incriminated in facilitating the spread of infection: washing of and giving enemas to the body by family members prior to burial.\[[@ref31][@ref35][@ref36][@ref40]\] A modified washing of the body conducted by burial team members in protective gear may be considered acceptable alternatives depending on the family\'s wishes and comfort level of the burial team.\[[@ref32]\]

COMMUNITY SENSITIZATION {#sec1-6}
=======================

Filovirus outbreaks produce an enormous amount of fear and many communities are unfamiliar with the techniques used to manage them.\[[@ref33][@ref41]\] Efforts to sensitize the community to control efforts and establish a trusting, respectful relationship between the community and outbreak control team are of paramount importance.\[[@ref26][@ref41][@ref42]\] Misunderstanding, stigma, and distrust during previous outbreaks resulted in patients being hidden from outbreak personnel and verbal and physical harassment towards health workers from the isolation unit in the form of death threats, throwing stones, and burning down houses.\[[@ref26][@ref27][@ref31]--[@ref34][@ref41]\]

To establish a trusting relationship with the community and facilitate the acceptance of control efforts, measures must be transparent and culturally sensitive.\[[@ref23][@ref26][@ref32][@ref37]\] In addition to using transparent fencing and burial measures described previously, allowing family members and community leaders wearing protective gear to visit patients on the ward increases the acceptance of isolation.\[[@ref23]\] There is significant benefit to providing psychosocial support to patients, family members, and health workers.\[[@ref23][@ref30][@ref32]\] Collaboration with anthropologists has aided in adapting control efforts to reflect local traditions, including the integration of traditional explanatory models of illness, and identify traditions which may contribute to disease spread.\[[@ref25][@ref31]\] Involvement of community leaders can help mobilize persons to adopt measures to protect themselves, including acceptance of the isolation ward.\[[@ref32]\] Regular reports through media outlets are another possible route of social mobilization; however this reporting needs to be conducted in an organized, ethical manner, so that the media may aid rather than hinder outbreak management.\[[@ref17][@ref35]\] It is always important to convey a message of hope rather than fear; filoviral disease is survivable and treatment likely improves the chance of survival.\[[@ref32]\]

SUMMARY {#sec1-7}
=======

Successful infection control during filoviral hemorrhagic fever outbreaks requires breaking the human-to-human transmission cycle. Control efforts are labor and equipment intensive. Core infection control activities include effective identification and isolation of cases, timely contact tracing and monitoring, adequate barrier personal protection gear for health care workers, safe burials, and community sensitization. Established guidelines for management of filoviral hemorrhagic fever outbreaks exist, however, do not sufficiently address the community distrust and insensitivity to local culture that has complicated control efforts during previous outbreaks. The main challenge for infection control during filoviral hemorrhagic fever outbreaks remains the cultural acceptability and the ability to adapt efforts to reflect local customs while maintaining bio-safety.
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